A M ic ro w a v e F o u r ie r T r a n s fo rm S p e c tr o m e te r in th e R a n g e fro m 18 to 2 6 .4 G H z w ith I n c r e a s e d S e n s itiv ity U s in g C ir c u la r W a v e g u id e s. M e a s u r e m e n ts o f Is o to p o m e r e s o f C a rb o n y ls u lfid e a n d o f M e th a n e V. Meyer, W. Jäger, R. Schwarz, and H. Dreizler Abteilung Chemische Physik im Institut für Physikalische Chemie der Christian Albrechts Universität Kiel, Kiel Z. Naturforsch. 46a, 445-449 (1991); received February 21, 1991 We present a microwave Fourier transform spectrometer in the region of 18 to 26.4 GHz with an increase in sensitivity roughly by a factor of ten in comparison to a former set up. Measurements of rotational transitions of isotopomers of carbonylsulfide, OCS, in natural abundance and of rovibrational transitions of methane, CH4, illustrate the improvement.
Introduction
In 1985 we published the design and performance of a microwave (MW) Fourier transform (FT) spectrom eter operating in the frequency region from 18 to 26.4 GHz (K-band) [1] , Meanwhile we extended the MWFT-technique to the V-band (26.4 to 40 GHz) [2] , The sensitivity of the V-band spectrometer could be improved considerably by use of a circular instead of a rectangular waveguide as a sample cell [3] . We ex pected a similar enhancement of the sensitivity of our K-band spectrometer with application of this special MW-technique.
Experimental Details
A detailed block diagram of the spectrometer is given in Figure 1 . A circular waveguide with diameter of 23.8 mm and length of 36 m is used as the sample cell.
A backward wave oscillator (1) generating MWradiation in the frequency range from 8 to 16 GHz is phase stabilized via the directional coupler (6) , attenu ator (7), mixer (8) and synchronizer (4) . The reference frequency which is multiplied in (8) is provided by the radio frequency (RF) synthesizer (3), which also pro vides the common 10 MHz reference for the synchro nizers (4) and (51), and the multipliers (66) and (67). Passing the directional coupler (9) and the attenuators Reprint requests to Prof. Dr. H. Dreizler, Institut für Physikalische Chemie der Universität Kiel, Olshausenstr. 40, W-2300 Kiel, Germany.
(10) and (12), the microwaves reach via the coaxial transition (13), directional coupler (14) and isolator (15) the active frequency doubler (16). An X-band waveguide is used for the transmission line (11), which has an attenuation of approximately 8 dB over the length of 36 m. With the directional coupler (14) the input power for the frequency doubler (16) may be adjusted with an optional power meter. The isolator (15) reduces reflections. The frequency of (1) is chosen half of the frequency of the transition to be investi gated. The advantage is, that frequencies in the range from 9 to 13.2 GHz can be transmitted with lower attenuation, and radio interference with the detection system is reduced. The input power for the travelling wave tube amplifier (TWTA) (24), which amplifies the pulses to a 1 to 10 Watt level, can be monitored with the power meter (18). With the PIN-switches (20) to (22) M W-pulses of 30 to 2000 ns length can be formed. The isolator (19) reduces reflections produced by the PIN-switches. A 0°/180° phase modulation of the MW-pulses (PAPS [4, 5] ) is achieved by a biphase mod ulator (23). The PIN-switches (25) and (27) prevent the TWTA-noise from reaching the detection system dur ing the sampling period. They further reduce the cwmicrowave radiation leaked through (19) to (25). The circular H01 (TE01) mode is formed by the Marie transition (29). All other modes, which might be cre ated, are attenuated by a mode filter (31) between sample cell (30) and a second Marie transition (32), which converts the circular mode back to the rectan gular H 10 (TE 10) mode. The isolators (28) and (33) reduce reflections in the cell (30). They should be with low VSWR to reduce the delay time between the end 0932-0784 / 91 / 0500-457 $ 01.30/0. -Please order a reprint rather than making your own copy. The detection system is protected from the strong MW-pulse by the PIN-switches (34) and (36). The PIN-switches (20, 21, 22, 25, 27, 34, 36) are marked by (2), (3) and (J) for identification. The timing dia gram for the spectrometer is given in Fig. 2 of [1] . The molecular signal passes a bandpass filter (37) to reduce harmonics generated by the PIN-switches (34) and (36). The signal is amplified (39) and fed into the MWmixer (42). The local oscillator (43) is phase stabilized to the second harmonic of (1) by the MW-mixer (48) and the synchronizer (51) with 160 MHz intermediate frequency. So the resulting local frequency is v,oc = vSi + 160 MHz or v,0C = vSi-160 MHz. The frequency and power of the local oscillator can be monitored with a MW-counter (55). The isolator (41) reduces reflections of the local frequency into (42) leaking through it. The downconverted molecular signal is amplified (56, 58). downconverted a second time to intermediate frequencies around 30 MHz (60), ampli fied (62, 63) and fed into the signal averager (65) [4] following the usual procedure [5] . The sensitivity of the spectrometer was tested with various isotopomers of carbonylsulfide in natural abundance. In Fig. 2 we give an example of the isq13c 34s j _ 2 _ i transition in the vibrational state viv2v3 ~ 00°0 with an absorption coefficient of a = 4 • 10"11 cm-1 according to [6] . 128 000 k averaging cycles with a measuring time of 29 minutes were used. The signal to noise (S/N) ratio in the power spectrum is estimated as 16. The search for weaker lines was hindered by the coherent perturbing signals (P) com ing from multiples of one sixteenths of the averager clock frequency 100/16 = 6.25 MHz and subharmonics thereof. For the band from 26 to 40 GHz we reached a S/N ratio of 22 in the power spectrum, as can be seen from Fig. 3 of [3] , where the power spectra of lines with a= 1.3 • 10"10cm "1 and oc = 1.9 • 10"10cm-1 are presented. So the sensitivity is of comparable mag nitude.
The resolution is illustrated in Figure 3 . There we give a rovibrational transition of methane, CH4. According to [7] it is the J = 15, AI, 1 -A 2,2 transition. The measured line width is 45 kHz HWHH. The Doppler width may be calculated according [8] we may state that we reach experimentally nearly the Doppler width.
In Table 1 we give a list of transitions of isotopomers of OCS, which have not yet been measured or mea sured with presently available precision. The assign ment was taken from Table 3 of [6] .
In Table 2 we give a list of rovibrational transitions of methane, which were not yet measured. The assign ment was taken from the calculation of the spectrum in [7, 9, 10] . These measurements also illustrate the sensitivity of the new instrument.
